Introduction
============

Intraoperative quantification is generally performed during eye opening in blepharoptosis surgery.[@b1-opth-5-193]--[@b5-opth-5-193] However, occasionally the upper eyelid height may be influenced by epinephrine affecting the Müller muscle or direct anesthesia to the levator palpebrae superioris muscle. Under these conditions, supplemental quantification during eye closing is helpful to estimate the appropriate amount of levator advancement.[@b6-opth-5-193] Less than 2 mm of lagophthalmos after downward push of the upper eyelid is a safe indicator to prevent postoperative lagophthalmos.[@b6-opth-5-193]

However, paradoxical downward movement of the lower eyelid during eye closing sometimes occurs in intraoperative quantification of blepharoptosis surgery, which has not been known until now. Because inferior displacement of the lower eyelid during eye closing increases the amount of lagophthalmos and influences intraoperative quantification, evaluation of this phenomenon is required to determine the correct lagophthalmos level.

In this study, we examined a series of lower eyelid movements during eye closing in intraoperative quantification of blepharoptosis surgery.

Materials and methods
=====================

Thirty eyelids of 15 patients (6 males and 9 females; mean age 70.0 years; range 43--81 years) with bilateral aponeurotic blepharoptosis were examined. All patients were preoperatively informed of the study and consented to the study.

Intraoperative quantification of blepharoptosis surgery during eye closing was as follows:[@b6-opth-5-193] if a patient presented with more than 3 mm of lagophthalmos during eye closing but could still open the upper eyelid, we forcibly closed the upper eyelid manually following the voluntary eyelid closing. If more than 3 mm of lagophthalmos was still observed after this procedure, we corrected the eyelid tension so that it was more relaxed until the lagophthalmos became less than 2 mm.

In the above situation, we have sometimes experienced a paradoxical downward movement of the lower eyelid, which has made it difficult to make an appropriate judgment of the quantification. Therefore, we examined a series of lower eyelid movements during eye closing in intraoperative quantification of blepharoptosis surgery. The degree of inferior displacement of the lower eyelid was measured on photographs with a millimeter ruler to the nearest 0.5 mm. The reference was set on the horizontal line through the medial canthal angle. The positive value of inferior displacement of the lower eyelid was determined as more than 2 mm of lower movement, because lower eyelid motion during normal blinking is occasionally accompanied by downward movement of 1 or 2 mm.[@b7-opth-5-193] Serial photographs were taken with a digital camera (HandyCam DCR-PC300K; Sony, Tokyo, Japan). During observations, we pulled the upper eyelid slightly superiorly using a hook to facilitate observation of lower eyelid movements.

Results
=======

Inferior displacement of the lower eyelid was observed in all the eyelids examined, although the extent of displacement varied in each patient. The range was 2.0 to 4.5 mm (mean 3.2 mm). Inferior displacement occurred with upward eye movement caused by Bell's phenomenon[@b8-opth-5-193] ([Figure 1A](#f1-opth-5-193){ref-type="fig"}, B). Many wrinkles were simultaneously observed as a result of contraction of the orbicularis oculi muscle. After maintaining the inferiorly displaced state for several seconds, 20 lower eyelids in 10 patients naturally moved superiorly to a resting position. On the other hand, 10 lower eyelids in 5 patients remained in the same inferior position for more than 5 seconds, after which we had to elevate them manually to a resting position ([Figure 1C--E](#f1-opth-5-193){ref-type="fig"}). The eyes then moved inferiorly to their resting position with a decrease in the number of lower eyelid wrinkles ([Figure 1C--E](#f1-opth-5-193){ref-type="fig"}). Once the patients opened their eyes, inferior displacement of the lower eyelids completely disappeared ([Figure 1F](#f1-opth-5-193){ref-type="fig"}).

Discussion
==========

We determined the characteristics of inferior displacement of the lower eyelid during eye closing in intraoperative quantification of blepharoptosis surgery.

A possible mechanism responsible for inferior displacement of the lower eyelid is related to the anatomical course of the orbicularis oculi muscle in the eyelid margin. It originates from the posterior lacrimal crest, goes anteriorly to take an arched shape on the way and is directed posteriorly toward the orbit to insert onto the lateral orbital tubercle.[@b9-opth-5-193] The eyelid margin orbicularis oculi muscle has an arched shape explained as above and its contraction causes it to be flattened moving posteriorly. In addition, the lower eyelid margin is situated on the downward slope of the eyeball. According to these features, the lower eyelid margin moves posteriorly during eye closing[@b8-opth-5-193] and slides inferiorly on the globe.

The degree of insufficient voluntary eye closing needs to be precisely evaluated to prevent postoperative lagophthalmos.[@b6-opth-5-193] Incomplete voluntary eye closing is caused by over-corrected levator advancement or insufficient motility of the orbicularis oculi muscle induced by an anesthetic effect. Manual assistance for eye closing helps to distinguish these two states[@b6-opth-5-193] and less than 2 mm of lagophthalmos after downward push of the upper eyelid is within the tolerable level for patients to close the eyes completely in the postoperative period.[@b6-opth-5-193] When the blepharoptosis is over-corrected, there is still lagophthalmos of more than 3 mm after the downward push. When orbicularis movement is insufficient, lagophthalmos less than 2 mm is present after manual assistance. Under these conditions, paradoxical downward movement of the lower eyelid sometimes makes it difficult to make an appropriate judgment. The results of our study could contribute to correct measurement of intraoperative quantification.

All the patients demonstrated Bell's phenomenon during eye closing in intraoperative quanatification.[@b7-opth-5-193],[@b8-opth-5-193] This phenomenon is accompanied by upward rotation of the globe with downward shift of the lower eyelid,[@b7-opth-5-193] which makes it difficult for surgeons to judge the precise amount of lagophthalmos. A previous report[@b6-opth-5-193] showed that lagophthalmos was observed for less than 5 seconds after supplemental downward push of the upper eyelid. In our study, inferior displacement of the lower eyelid occasionally continued for more than 5 seconds. Complete resolution of inferior displacement of the lower eyelid is required as well as evaluation of the precise amount of lagophthalmos.

In conclusion, inferior displacement of the lower eyelid during eye closing increases the amount of lagophthalmos. This phenomenon needs to be considered in quantifying intraoperative lagophthalmos levels during blepharoptosis surgery.
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![Serial photographs of lower eyelid inferior displacement during eye closing. **A**) The eye is open and the lower eyelid is in a relaxed position. **B**) The patient is instructed to close the eyes (**B--E** show various states during eye closing). The lower eyelid is lowered. Many wrinkles are caused by orbicularis contraction. The eye shows supraduction caused by Bell's phenomenon. **C--E**) Over time, the lower eyelid moves superiorly to a relaxed position, accompanied by a decrease in the wrinkles. The eye also moves to a relaxed position. **F**) The patient opens the eye again. Inferior displacement of the lower eyelid is resolved.](opth-5-193f1){#f1-opth-5-193}
